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Abstract

Background—~Posttraumatic stress disorder (PTSD) may contribute to heightened
cardiovascular disease (CVD) risk by promoting a pro-inflammatory state and impaired
endothelial function. Prior research has demonstrated associations of PTSD with inflammatory
and endothelial function biomarkers, but most work is cross-sectional and does not separate effects
of trauma exposure from those of PTSD.

Methods—We investigated associations of trauma exposure and chronic PTSD with biomarkers
of inflammation [C-reactive protein (CRP); tumor necrosis factor-alpha receptor-11 (TNFRII)] and
endothelial function [intercellular adhesion molecule-1 (ICAM-1); vascular cell adhesion
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molecule-1 (VCAM-1)] in 524 middle-aged women in the Nurses’ Health Study Il. Using linear
mixed models, we examined associations of trauma/PTSD status with biomarkers measured twice,
10-16 years apart, in CVD-free women, considering either average levels over time (cross-
sectional) or change in levels over time (longitudinal). Biomarker levels were log-transformed.
Trauma/PTSD status (based on structured diagnostic interviews) was defined as no trauma at
either blood draw (n7=175), trauma at draw 1 but no PTSD at either draw (/7=175), and PTSD that
persisted beyond draw 1 (chronic PTSD; 7=174). The reference group was women without trauma.

Results—In models adjusted for known potential confounders, women with chronic PTSD had
higher average CRP (6=0.27, p<.05), TNFRII (6=0.07, p<.01), and ICAM-1 (6=0.04, p<.05)
levels. Women with trauma but without PTSD had higher average TNFRII levels (6=0.05, p<.05).
Furthermore, women with chronic PTSD had a greater increase in VCAM-1 over time (6=0.003,
p<.05).

Conclusions—Increased inflammation and impaired endothelial function may be pathways by
which chronic PTSD increases CVD risk.

Keywords

Trauma; posttraumatic stress disorder; inflammation; endothelial cell adhesion molecules; women;
biomarkers

Introduction

Numerous studies have linked trauma and posttraumatic stress disorder (PTSD) to increased
risk of cardiovascular disease (CVVD)(1-5). PTSD is characterized by neurobiological
alterations that may contribute to CVD, including dysregulation of the hypothalamic-
pituitary-adrenal axis and sympathetic-adrenal-medullary system(6,7). Additionally, trauma
exposure—even in the absence of psychopathology—is associated with dysfunctional
biological stress responses, although alterations are generally smaller than those associated
with PTSD(8,9). These physiological changes contribute to adverse downstream effects on
health-relevant biological processes, including increased systemic inflammation and
impaired endothelial function(7,10). Inflammatory and endothelial responses both contribute
to atherosclerosis(11,12) and are influenced by stress-related elevations in corticosteroids
and catecholamines(13). These processes interact in a complex cascade of events, and are
thought to reflect underlying vascular inflammation(13,14).

Two recent meta-analyses provide compelling cross-sectional evidence linking trauma
exposure and PTSD with higher inflammation. In one, Tursich et al.(15) demonstrated
trauma exposure was moderately correlated with elevated pro-inflammatory cytokine levels,
as measured by interleukin-1p (IL-1pB), IL-6, and tumor necrosis factor-alpha (TNF-a.), and
acute-phase protein levels, as measured by C-reactive protein (CRP). However, contributions
of trauma versus trauma-related psychopathology could not be considered because too few
studies had relevant data(15). In the other, Passos et al.(16) investigated the association of
PTSD (rather than trauma per se) with inflammation. Compared to healthy controls,
individuals with PTSD had higher levels of IL-1p, IL-6, interferon -y, and—in patients
without medication—TNF-a., with medium to large effect sizes. Notably, associations
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between PTSD and elevated TNF-a, IL-1B, and IL-6 remained significant when excluding
participants with comorbid depression, another form of psychopathology also associated
with a pro-inflammatory state(17,18). Fewer studies have investigated associations of trauma
and PTSD with endothelial function biomarkers. Although some evidence suggests that
PTSD is associated with elevated levels of endothelial cell adhesion molecules that play an
early role in the accumulation of lipids within the arterial wall(14), including intercellular
adhesion molecule-1 (ICAM-1)(19-21) and vascular cell adhesion molecule-1 (VCAM-1)
(20), findings have been inconsistent(19,22).

Existing literature linking trauma and PTSD with cardiovascular biomarkers has two key
limitations. First, most studies have conflated trauma exposure and PTSD (although
see(21,23) for exceptions). Thus, it is unclear whether trauma or psychological response to
trauma is the relevant exposure with respect to increased inflammation and impaired
endothelial function. Second, most studies have been cross-sectional. One small study
(/NV=55) assessed biomarker change from when PTSD was assessed to 2.5 years later and
found inflammatory and endothelial marker increases associated with elevated PTSD
symptoms(21). In contrast, an all-male study (A=101) comparing biomarker levels measured
twice, 3 months apart, in combat veterans with PTSD and healthy controls found no
differences(24). With so few studies with longitudinal data, whether trauma and/or PTSD are
associated with changes in biomarker levels over time is still unclear.

To address these knowledge gaps, we examined cross-sectional and longitudinal associations
of trauma exposure and chronic PTSD with level and change in CRP, TNF-a receptor-II
(TNFRII), ICAM-1, and VCAM-1 in 524 middle-aged women in the Nurses’ Health Study
I1 (NHS I1). Biomarkers were measured twice, 10-16 years apart. The specific biomarkers
were selected based on their relevance to CVD risk, their potential to be altered in response
to activation of stress-related biological processes that have been linked to PTSD (see(13)
for a review), and because they can be reliably assayed in plasma. Prior work has laid out
biological processes linking stress to high levels of inflammation and ultimately CVD via
elevations in corticosteroids and catecholamines that promote elevations in blood pressure
and blood flow(13). These changes modify acute phase proteins and adhesion molecule
activity, leading to endothelial damage, inflammation, and ultimately initiation of disease
processes. CRP, TNFRII, and ICAM-1 have predicted risk of incident CVD events in
women(25,26), and all the biomarkers selected have been linked to increased
cardiometabolic disease risk within the larger NHS sample(26,27).

We hypothesized biomarker levels would be higher and increase more over time among
women with chronic PTSD versus no trauma. Additionally, we predicted women with
trauma but no PTSD would have higher biomarker levels and greater increases compared to
those with no trauma, although not as substantial as women with chronic PTSD. Drawing on
prior literature, we identified relevant covariates for consideration, including several factors
(e.g., weight status, cigarette smoking) that might lie on the pathway between PTSD and
dysregulated inflammatory processes or endothelial function(15,16).
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Methods and Materials

Participants and Procedure

Women were participants in the NHS 11, a longitudinal study of 116,429 female U.S. nurses
enrolled in 1989 at ages 25-42 years and followed biennially. Blood samples were collected
in 1996-1999 (draw 1) when women were 32-52 years of age and again in 2008-2012
(draw 2) when women were 46-65 years of age(28). The current study included 524 women
who completed the PTSD substudy, had a blood sample from both draws, and had no history
of CVD (see Supplemental Methods)(29,30). This study was approved by the Partners
Healthcare Human Research Committee; return of questionnaires by mail represented
implied consent.

Trauma and PTSD Assessment

Women in the PTSD substudy completed a supplemental trauma exposure and PTSD
screening questionnaire in 2008(31,32). Lifetime trauma exposure was assessed with a
modified version of the Brief Trauma Questionnaire(33). Women reported which event was
their worst experience and if they ever experienced any of seven PTSD symptoms in relation
to their worst trauma on the Short Screening Scale for DSM-/VPTSD(34). A subset of
women who reported trauma exposure on the screening questionnaire also completed
diagnostic interviews to determine PTSD case status (/7=3,013).

Criteria for selection into trauma/PTSD status groups were stringent. From those eligible,
we randomly selected three groups of 175 women each: 1) a no trauma group comprising
women who reported no lifetime trauma exposure on the 2008 screening questionnaire nor
any childhood moderate or severe sexual abuse or serious physical-emotional abuse on a
2001 questionnaire querying violence exposure(35) (175 women out of 1,174 eligible;
women who were and were not selected for the no trauma reference group were highly
similar on all covariates included in our models); 2) a trauma/no PTSD group who reported
exposure to their worst trauma prior to the first blood draw but few (if any) symptoms of
PTSD in response to that trauma on the interview (i.e., PTSD total severity score of 17-19
out of a possible range of 17-85; 175 out of 187 eligible); and 3) a chronic PTSD group
comprising women whose worst trauma occurred prior to the first blood draw and led to
PTSD that persisted beyond the first draw (175 out of 220 eligible; see Supplemental
Methods).

Biomarker Assays

Assays to determine plasma biomarker concentrations were conducted by the Clinical and
Epidemiologic Research Lab at Children’s Hospital Boston. High-sensitivity CRP was
measured using an immunoturbidimetric assay on the Roche P Modular system (Roche
Diagnostics-Indianapolis, IN), using reagents and calibrators from DiaSorin (Stillwater,
MN). TNFRII, ICAM-1, and VCAM-1 concentrations were quantified using ELISA assays
(R&D Systems, Minneapolis, MN). Two assays per individual were available for each
biomarker, one from each blood draw, but assays for both draws were conducted at the same
time. Assays were conducted in two sets. Mean intra-assay coefficients of variability (CVs;
indicating within-plate precision) for the two sets were 3.4% and 3.3% for CRP, 6.1% and
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4.4% for TNFRII, 3.6% and 2.3% for ICAM-1, and 5.7% and 3.1% for VCAM-1. Mean
inter-assay CVs (indicating plate-to-plate consistency) for the two sets were 3.1% and 2.9%
for CRP, 4.6% and 4.3% for TNFRII, 2.3% and 1.9% for ICAM-1, and 3.7% and 3.2% for
VCAM-1.

We considered a range of covariates, including potential confounders such as age at the first
blood draw, race (White, non-White, missing), anti-hypertensive medication use, anti-
inflammatory medication use, cholesterol-lowering medication use, menopausal status (pre-
menopausal, post-menopausal, unknown status), and past-month hormone therapy use (yes,
no, not applicable/missing). Age and race were assessed at draw 1 and the NHS Il baseline,
respectively. All other variables were time-updated to reflect their status at each draw. Most
variables were assessed with self-report from the questionnaire administered at each blood
draw, except anti-inflammatory, anti-hypertensive, and cholesterol-lowering medication use,
which were measured at the closest preceding biennial questionnaire.

We also examined several health behaviors and body mass index (BMI), given these might
be on the pathway linking trauma/PTSD status with inflammation and impaired endothelial
function. Self-reported behaviors and BMI were available either from the blood draw
questionnaires or closest biennial questionnaire. BMI in kg/m? was calculated from self-
reported height and weight (validated in prior NHS 11 research(36)). Women also reported
their past-month cigarette smoking (0 cigarettes/day, 1-4/day, 5+/day), alcohol consumption
(0 drinks, 1-3/month, 1/week, 2—-4/week, 5+/week), and physical activity (<1 time/week, 1/
week, 2-3/week, 4+/week). Diet quality was quantified based on the Alternate Healthy
Eating Index(37); scores range from 0-110 (higher scores indicate a healthier diet).

In a sensitivity analysis, we considered depression status and antidepressant use as potential
confounders. Depression status at draw 1 was derived from responses to the 5-item Short
Form-36 Mental Health scale(38) administered in 1997; following prior work with this
measure, depression was defined as a score <53(39). Depression status at draw 2 was
defined as a history of clinician diagnosis of depression reported on biennial questionnaires
administered between draws 1 and 2 or reported major depression on a modified version of
the Patient Health Questionnaire (PHQ-9)(40) administered with the PTSD interview and
scored based on DSM-/V criteria. Antidepressant use was assessed on each blood draw
questionnaire.

Analytic Approach

We first compared the distribution of covariates across trauma/PTSD groups (no trauma,
trauma/no PTSD, chronic PTSD) at draw 1 using chi-squared tests, Fisher’s exact tests, and
analyses of variance. Next, we evaluated inflammatory marker and endothelial cell adhesion
molecule levels at each draw for each trauma/PTSD group, and calculated change in
biomarker levels over the 10-16 years between draws. Due to skew in biomarker data, we
calculated medians and interquartile ranges. For subsequent analyses, biomarker
concentrations were log-transformed to normalize their distributions (see Figures S1-S4 for
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histograms and boxplots of distributions of raw and log-transformed biomarker values and
Supplemental Methods for biomarker data processing details).

To examine cross-sectional and longitudinal associations of trauma/PTSD status with
inflammatory marker and endothelial cell adhesion molecule levels, we fit a series of linear
mixed models for each biomarker(41) (see Supplemental Methods for detailed description of
analyses). To assess cross-sectional associations, trauma/PTSD status was coded
categorically (no trauma was the reference group); these terms estimated differences in
average biomarker levels across the two draws for each trauma/PTSD group relative to the
no trauma group. To assess longitudinal associations, trauma/PTSD status x time interaction
terms evaluated whether change rates in biomarker values over time varied by trauma/PTSD
group. To contextualize the log-transformed biomarker linear mixed model findings in terms
of raw biomarker values, we computed least-squares geometric means and 95% confidence
intervals (Cls) of biomarker values(28). Models were first adjusted for time in years between
draws and age at draw 1 and then further adjusted for race and time-updated measures of
covariates (medication use and menopausal status). We also examined how adding time-
updated measures of potential pathway variables—grand-mean centered BMI, cigarette
smoking, alcohol consumption, physical activity, and grand-mean centered diet quality—
influenced associations of trauma/PTSD status with biomarker levels.

To investigate the potential influence of outliers, we re-fit the trauma/PTSD main effect and
trauma/PTSD x time interaction models based on a 90 percent Winsorization, whereby the
bottom 5% of each raw biomarker value was set to the value corresponding to the 5
percentile and the upper 5% of raw values were set to the value corresponding to the 95
percentile. Log-transformed Winsorized biomarker values were the outcomes in these
models. We also conducted two sensitivity analyses. We considered potential confounding
by depression by adding time-updated depression status and antidepressant use to time- and
age-adjusted models. Additionally, we examined if time between trauma and blood draw
was associated with biomarker levels for women in the trauma/no PTSD and chronic PTSD
groups.

Descriptive Statistics

The analytic sample comprised 524 women; 1 woman in the chronic PTSD group did not
have analyzable biomarker data, resulting in 174 women in that group. Participant
characteristics at draw 1 according to trauma/PTSD status are presented in Table 1. Women
in the no trauma group were slightly younger than those in the trauma/no PTSD group.
Additionally, the mean number of years between blood draws was slightly longer for the no
trauma group (13.5 years) compared to the trauma/no PTSD group (13.3 years). Compared
to the other groups, women in the chronic PTSD group had healthier diets and were more
likely to be non-drinkers, have comorbid depression, and use antidepressants. Women in the
chronic PTSD group also had higher BMI than women in the no trauma group.

Median biomarker values at each draw, and median change in biomarker levels, according to
trauma/PTSD status are shown in Table 2. Women with no trauma had the lowest CRP,
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TNFRII, ICAM-1, and VCAM-1 levels at both assessments, whereas women with chronic
PTSD had some of the highest biomarker levels. On average, biomarker levels increased
over time in all groups.

Cross-Sectional Associations between Trauma, PTSD, and Biomarker Values

We found significant cross-sectional associations between trauma/PTSD status and average
biomarker values across the two draws (Table 3). Full results from the linear mixed models
for each biomarker are presented in Tables S1-S4. Compared to women without trauma,
women with chronic PTSD had significantly higher average levels of CRP (6=0.27), TNFRII
(6=0.07), and ICAM-1 (6=0.04) in multivariable-adjusted models (Table 3; see Table 4 for
geometric mean concentrations and 95% CIs). Results with Winsorized biomarker values
were highly similar (Table S5). Additionally, the trauma/no PTSD group had significantly
higher TNFRII levels (6=0.05) compared to women without trauma (Table 3; see Table 4 for
geometric mean concentrations and 95% CIs). No significant differences in average levels of
VCAM-1 across groups were observed.

Longitudinal Associations between Trauma, PTSD, and Biomarker Values

Change in biomarker levels over time was relatively modest. On average, over 10 years there
was a 9.0% increase in CRP, a 8.8% increase in TNFRII, a 3.0% increase in ICAM-1, and a
4.1% increase in VCAM-1. Overall, trauma/PTSD groups did not differ significantly in
change in biomarker levels over time; evidence of significant trauma/PTSD x time
interactions was observed only for VCAM-1 (Table 3). Women with chronic PTSD had a
significantly greater increase in VCAM-1 over time compared to women without trauma
(6=0.003) in multivariable-adjusted models. Findings with Winsorized biomarker values
were similar (Table S5). To contextualize these findings in terms of raw biomarker values,
we calculated the difference between the multivariable-adjusted geometric mean
concentrations and 95% Cls for VCAM-1 at draw 1 and at draw 2 (mean follow-up 13.4
years). Expected value for the increase over the 13.4-year follow-up among women with
chronic PTSD was 146.1ng/mL (138.1-154.3) versus 118.2ng/mL (112.4-124.2) among
women without a history of trauma.

Associations between Trauma, PTSD, and Biomarker Values Adjusting for Behavioral
Factors

We evaluated effects of adding behavior-related variables to models finding significant
associations as reported above, and we found some support for the idea that these factors
may lie on the pathway between PTSD and inflammation or impaired endothelial function.
After adjusting for time-varying BMI, cigarette smoking, alcohol consumption, physical
activity, and diet quality, we found associations of chronic PTSD (versus no trauma) with
elevated CRP, TNFRII, and ICAM-1 were attenuated; only the associations between the
chronic PTSD and trauma/no PTSD groups with elevated TNFRII approached statistical
significance (Table 5). After adjusting for behavior-related variables, the trauma/PTSD
status x time interactions for VCAM-1 were attenuated and no longer significant (Table 5).
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sumner et al. Page 8

Sensitivity Analyses

Overall, results were similar albeit somewhat attenuated when we covaried time-varying
depression status and antidepressant use; most associations retained borderline statistical
significance, whereas the associations of chronic PTSD and trauma/no PTSD with elevated
TNFRII reached conventional statistical significance (Table S6). Antidepressant use was
associated with higher CRP, TNFRII, and ICAM-1 levels and with greater increases in
VCAM-1 levels over time, but no significant associations of depression status with any
biomarkers were evident.

We also evaluated the hypothesis that longer duration of exposure to trauma/PTSD would be
associated with higher biomarker levels. Women in the trauma/no PTSD and chronic PTSD
groups had similar exposure duration, on average: 18.2 years between trauma and draw 1 for
trauma/no PTSD versus 20.9 years for chronic PTSD, and 31.4 years between trauma and
draw 2 for trauma/no PTSD versus 34.3 years for chronic PTSD. In trauma-exposed women,
longer time between trauma and blood draw was associated with significantly higher average
levels of all biomarkers (Table S7). Longer exposure to trauma/PTSD was also associated
with higher average biomarker levels when separately considering women in the trauma/no
PTSD and chronic PTSD groups (Table S7).

Discussion

Cross-sectional research has suggested that elevated inflammation and impaired endothelial
function may help explain associations between PTSD and CVD risk(15,16,19-21). The
current study extended this evidence by 1) investigating cross-sectional and longitudinal
associations, and 2) comparing biomarker levels in women without trauma, with trauma but
without PTSD, and with chronic PTSD. Compared to women with no trauma, women with
chronic PTSD had higher average levels of CRP, TNFRII, and ICAM-1 over a 10-16-year
period. Although we expected to find trauma/PTSD status would be associated with rate of
change across all biomarkers, we found evidence of an association with only one biomarker;
women with chronic PTSD showed steeper increases in VCAM-1 over follow-up compared
to women without trauma.

Each biomarker represents a somewhat different inflammation-related process; thus, it is
unclear if differential findings across biomarkers reflect true differences of effects or
variation in measurement quality or are unique to this sample. For example, VCAM-1 is
induced by pro-atherosclerotic conditions, and some evidence suggests that VCAM-1 may
be especially predictive of CVD risk in high-risk individuals or those with pre-existing
CVD(42). In contrast, ICAM-1 appears to be a general marker of inflammation in CVD-free
individuals(42). Thus, it is possible that the significant longitudinal, but not cross-sectional,
findings of chronic PTSD with VCAM-1 may reflect increasing risk of developing CVD
over time, although we were not able to examine this question directly in our sample of
CVD-free women. However, taken together, our findings are generally consistent and
suggest that the chronic psychological consequences of trauma (i.e., PTSD)—rather than
trauma exposure—may be particularly toxic as psychological symptoms were more strongly
associated with markers of dysregulation in inflammatory and endothelial responses than
trauma exposure alone. Our results also showed that longer time from trauma/PTSD onset to
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blood draw was associated with greater elevations in biomarker levels. This finding is
consistent with the Passos et al.(16) meta-analytic result that longer PTSD duration in years
was positively associated with IL-1p levels. These results suggest that dysregulated
inflammatory processes may be a marker of duration of trauma/PTSD exposure, but further
research is needed to determine how much exposure time is required to initiate dysregulation
and if such effects are reversible.

Results also showed that women with trauma but without PTSD had higher TNFRII levels
compared to women without trauma, although not to as large a degree as women with
chronic PTSD. This association was observed even after adjusting for depression and
antidepressant use. Although we lacked a comprehensive assessment of other forms of
psychopathology in these women, this finding is nonetheless consistent with literature
suggesting that trauma exposure—even in the absence of measureable psychopathology—is
associated with disruptions of biological stress responses that could lead to systemic
inflammation(8,9). Furthermore, this trauma-related elevated inflammation could explain
other findings in the literature suggesting that trauma exposure by itself is associated with
some increased CVD risk(43,44). Nevertheless, it is of interest for future research to
examine CVD risk biomarker profiles in women with trauma and other non-PTSD forms of
psychopathology, such as depression.

Several physiological and behavioral mechanisms may explain the observed associations of
chronic PTSD with elevated biomarkers of inflammation and impaired endothelial function.
PTSD is characterized by dysregulation of the hypothalamic-pituitary-adrenal axis and
sympathetic-adrenal-medullary system that can lead to a cascade of harmful effects on
immune and cardiovascular functioning(6,7). For example, heightened sympathetic activity
is associated with elevated catecholamines, which have been linked to impaired endothelial
function and increased cytokine production(7). Furthermore, a number of behaviors and
conditions that increase risk for elevated inflammation and endothelial dysfunction(45,46),
such as elevated BMI, physical inactivity, and cigarette smoking, have been observed more
frequently in individuals with versus without PTSD(47,48). Indeed, in line with the
hypothesis that BMI and poor health behaviors lie on the pathway from PTSD to
inflammation and endothelial dysfunction, in the present study, associations were attenuated
when accounting for these factors. These findings suggest that elevated BMI and unhealthy
behaviors may be targets for intervention to offset heightened CVD risk among women with
PTSD. Additional research is needed to examine if improving these factors among women
with PTSD results in improvements in markers of inflammation and endothelial function.

Our study had several limitations. First, trauma/PTSD status, along with date of trauma
exposure and PTSD onset, were based on retrospective self-report and could have been
misclassified, which likely would have biased results toward the null. Second, we assessed
DSM-1VPTSD because the study was conducted before the DSM-5revision. Additional
research is needed to confirm whether similar findings are obtained using DSM-5 diagnoses,
although most DSM-/VPTSD criteria were retained in DSM-5. Third, although we
examined two markers each of inflammation and endothelial function, the inflammatory
cascade is complex and there are numerous markers that reflect endothelial health. Fourth,
participants needed to survive until 2008 to provide trauma/PTSD information. Survivor bias
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is a potential concern, although only 1.6% of the NHS Il cohort was deceased by 2008.
Fifth, generalizability of findings to more diverse samples is unclear, as the NHS 11 cohort is
predominantly white professional women. Sixth, for the sake of parsimony, we did not
include information on medical conditions like hypertension that might be on the pathway
from PTSD to CVD risk biomarkers or occur simultaneously with these elevated biomarker
values. However, these conditions are unlikely to be confounders because they are unlikely
to cause PTSD(2). Seventh, we note that, overall, biomarker change over the 10-16-year
period was modest. Indeed, we observed somewhat less change in biomarkers compared to
other studies of change in inflammatory and endothelial function markers over ~7-10
years(49-51). Thus, it may have been more difficult to detect effects with respect to
biomarker change.

Despite these limitations, the current study has several unique strengths. These include 1)
considering biomarker change over time, 2) assessing PTSD with an interview, 3) comparing
effects of no trauma with those of trauma/no PTSD and chronic PTSD, and 4) adjusting for a
range of time-updated covariates. Inconsistency in covariates in studies of trauma, PTSD,
and inflammatory biomarkers has been a major source of between-study heterogeneity in
meta-analyses(15,16). That said, it is notable that our unadjusted findings were maintained
after adjusting for key covariates, including age, menopausal status, and use of various
medications. Consistent with many studies(16,52,53), we also found that PTSD remained
associated with elevated biomarker levels when adjusting for depression status.

Conclusions

In a large community-based sample of middle-aged women without a history of CVD,
chronic PTSD was characterized by a biomarker profile of heightened pro-inflammatory
activity and impaired endothelial function compared to no trauma. Furthermore, preliminary
evidence indicated that chronic PTSD, as compared with no trauma, was associated with
greater increases in a marker of impaired endothelial function over a 10-16-year follow-up.
Accumulating evidence links PTSD with CVD and accelerated aging(4); our study suggests
that increased inflammation and impaired endothelial function may partly explain these
associations. Going forward, it is critical to identify the duration of PTSD that leads to
dysregulation of healthy biological processes and if improvement in PTSD symptoms may
conversely reduce dysregulation. Our findings may suggest that more stringent surveillance
of pre-disease risk factors and relevant risk markers among individuals with PTSD is
valuable. Moreover, greater insight into the mechanisms by which PTSD may alter CVD
risk will not only inform targeted prevention strategies, but also shed light on other disease
endpoints for which individuals with PTSD may be at risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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No trauma (n=175)

Trauma/no PTSD (n=175)

Chronic PTSD (n=174)

% (n) or Mean (SD) % (n) or Mean (SD) % (n) or Mean (SD) P-value@

Mean age, years 42.9 (4.8) 445 (4.8) 44.0 (4.6) .005
Mean time between blood draws, years 13.5(0.9) 13.3(1.1) 13.4(0.9) .04
White race, % 96.6 (169) 97.1 (170) 96.6 (168) .62
BMI, kg/m? 25.1 (5.5) 25.4 (4.9) 26.6 (6.2) 03
Current smoking in last month, % 5.7 (10) 4.0 (7) 9.2 (16) A1
Alcoholic drinks in last month, % .04

0 30.9 (54) 34.5 (60) 47.7 (82)

1-3/month 26.3 (46) 31.6 (55) 26.2 (45)

1iweek 12.0 (21) 8.1(14) 5.2 (9)

2-4fweek 15.4 (27) 12.6 (22) 10.5 (18)

5+/week 15.4 (27) 13.2 (23) 10.5 (18)
Physical activity frequency, % .07

<1hweek 31.0 (54) 40.8 (71) 34.3 (59)

1/week 20.1 (35) 17.2 (30) 27.9 (48)

2-3fweek 36.8 (64) 27.6 (48) 26.2 (45)

4+/week 12.1 (21) 14.4 (25) 11.6 (20)
AHEI scoreb 50.3 (10.2) 50.5 (9.5) 52.9 (10.5) .03
Pre-menopausal status, % 78.3 (137) 72.6 (127) 69.0 (120) 12
Hormone therapy use in past month, % 16.6 (29) 22.3(39) 17.2 (30) .35
Anti-inflammatory use, % 55.4 (97) 56.6 (99) 65.5 (114) A1
Anti-hypertensive use, % 6.3 (11) 12.6 (22) 12.6 (22) .08
Cholesterol-lowering medication use, % 1.7(3) 4.0 (7) 4.0 (7) .38
Depression, ¢ % 8.7 (15) 29 (5) 25.4 (43) <.0001
Antidepressant use, % 5.7 (10) 8.6 (15) 35.6 (62) <.0001

Note. PTSD=posttraumatic stress disorder. BMI=body mass index. AHEI=Alternate Healthy Eating Index.

a .
P-values correspond to omnibus tests.

b . - -
Higher AHEI scores indicate a healthier diet.

c . ]
Depression defined as a score less than 53 on the Short Form-36 Mental Health scale.

Biol Psychiatry. Author manuscript; available in PMC 2018 December 15.



Page 15

Sumner et al.

‘syuedionued

US3MIBQ S30UBJAYIP [eNPIAIpUI AQ paure|dxa SI S|aAS] JaXJeWOIq Ul UOIBLIEA |[2J9A0 8] JO YONLW MOY U0 UOITRWI0UI S3pIA0Id pue ‘SoueLIeA [e10] 0] 8oUBLIRA Uosiad-Usamiag JO ofel 8yl st DI 8y L,

“T-9]N93]0W UOISAYPE 192 JBJNISEA=T-NVIA
“T-8|N08J0W UOISBYPE Je|n||804aul=T-NVD] ‘11-101d80a1 eyd|e-10108) SIS0108U Jowni=|[44N_L "U18104d 8A110BaI-D=d¥2 “JUIO1800 UOIIR[31I00 SSejoRNUI=] D] "JPIOSIP SSauIs onewne.sod=as.1 d 9IoN

72"
vLT
€LT

vLT
|ZA%
€LT

€LT
72"
€LT

vLT

€LT

€LT
890

(8'70T ‘9'TE-) LTS
(81T ‘T'LE-) v'vE
(099 '2'55-) 92T

(8€e'e’L1-) L'0T
(0 'v'TT-) Z°€T
(622'TL-) 96

(6009 ‘¥7'€9-) 0°90€
(T°6¥S ‘¥'9T-) 5992
(895% ‘0'T2-) €722

(9T'T'€9°0-) 9T°0
(18°0'65°0-) TT0
(250 '62°0-) 80°0

i7"
IZA)
€LT

IZA)
72"
€LT

€LT
i7"
€LT

i7"
€LT
€LT

(8'88L ‘T'825) 0°'T89
(8'8L. '€'€6S) 9'T99
(6'8v. '8'899) ¥'659

(L'v62 '6'122) €'617C
(072 'T9T2) ¥'Lve
(S¥L2'LSTR) T'TVe

(6°800€ ‘8'%.T2) 672552
(¥°090€ ‘9°29T2) 0°9652
(0°0v2Z '8°0202) S'vzee

(5z'€'89°0)8G°T
(9T°€'19°0) 0£'T
(2T'Z'27'0) 00T

iZn"
S.T
SLT

172"
SLT
S.T

i7"
S.T
S.T

€LT
S.T
SLT

(T°€S. '€'9¥S) 6'019
(8'T€L '8'TSS) 9'Cv9
(9°ev. '9'1S8) G'€€9

(07L2'STT2) T'TIe
(8992 ‘'0'802) L'zeT
(9'85Z ‘8'902) ¥'822

(5°6£92 ‘€'6v6T) 0'8522
('665¢ ‘€'S86T) 76622
(€052 '5°228T) £720T2

(9v°€'s5°0) 22T
(09°€ 'v7°0) 80'T
(Le2'1£0) 06°0

as.Ld duoyo
dS.d oufewnel|
ewnNel oN
w/Bu ‘T-INVYOA
as.Ld duoiyo
dS.d oufewnel|
ewnel) oN
Jw/bu ‘T-NVOI
as.d owuoiyd
AS.Ld ou/ewnel
'wnel) oN
Twy6d ‘J194NL
as.Ld duoiyo
dS.1d ou/ewneld|
ewnNel oN

/6w ‘940

eJ0lI u

(abuey ajnJenbusiu) a109s abueyD uelpsiN

u

(abuey ajnuenbualul) ueipsy

u

(abuey ajnuenbaaiul) ueipsy

2 meaq

T meaq

Author Manuscript

Author Manuscript

¢ dlqeL

Author Manuscript

‘(y2G=V) sniels gSl d/ewned) 01 Buipiodde S|aA3] 8]NJ3|0W UOISaype [[39 [e1]aU10pua pue Jaxsew Alojewwe]ul

Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2018 December 15.



Page 16

Sumner et al.

"W} x S9JRLIBAOD 8S8U)) JO SUOIIoRISUI JUBDIHIUBIS pue asn Adesyy
auUOLWIOY pue ‘snyels [esnedoual ‘asn UoITedIpaw Bullamol-]0481sa|oyd ‘ash UoKedIpaW AlojewWejul-IueR ‘asn uoljedipa aAIsuanadAy-nue parepdn-swil pue adel snjd sejelieA0d T [9POIA 404 csm:.a,qu

"asn Adelayy

auouwiioy pue ‘snyers esnedousiu ‘asn UOIEIIPAW BUILIBMO|-]0J81S8I0YD ‘SN LOIIeDIpaLL AJ0JewWILIRIJUI-IIUE ‘8SN UOITRIIPaW aAIsusLIadAy-nue payepdn-awil pue aoel snjd selelIeA0d T [9POIAl 10} uwums.—u,qn

"T MeIp 82UIS SIeak ul awin pue (palajuad ueaw-pueib) T melp Je abe Joy csm:.a,qm

‘pawiiofsue-60| a1am siaxlewolg ‘T-8jndsjow
UoISaype |[39 JBJNOSBA=T-INWVIA "T-8|N08j0W LOISaypR Jejnj|30Ialul=T-\NVD| ‘|1-i01daoal eydje-1010e) SIS019aU JoWN=|144N.L "UIaloid aA1oeaI-D=d¥yD "19pJosIp ssas dlewnemsod=Aas.1 d Sajon

(1000 €000 (T000) Y000 (100'0) 2000~  (T00°0) 2000~  (200°0) 200°0 (200'0) 2000 (800°0) 6000  (800°0) 900°0 aWIL X @S1d d1uoiyd

(to0'0) 2000 +(T000) €000 (100'0) 0000 (T00'0) T000  (200°0) TOO'0 (20000)z000  (200°0) 8000  (800°0) £00°0  SWIL X ASLd OU/eWNelL

((ED) ((ED)] ((ED) ((ED)] ((ED)] ((ED)] ((ED)] ((ED)] awl] X ewnes) oN
Swg] uondelsiu]
(€000) €000  (T00°0) T00'0  (200°0) 2000 x (T00°0) €000, (200°0) 8000 ., (T00°0) 8000  (470°0) S00'0  (S500°0) 900°0 pRuIL
(20'0) 00°0 (zo0)100- @090 (w0900 . (e00)200 . (€00)900  ,(eT0)zz0  (T0)520 as.1d 21uo1y)
(20°0) 000 (20°0) 000 (200) 000 (20°0) 000 (€0'0) 500 +(€0°0) 50°0 (cro)ero  (€T0)¥T0 as.Ld ou/ewnel|
(300) ((ED)] (300) ((ED)] ((ED)] ((ED)] ((ED)] ((ED)] BWNRS ON
SNeIS QS Ld/ewnel L
52 [9PON 2T [9pON 52 [9PON T 19pON 22 I8PON 2T [3pON 22 [9PON 2T 130N

[3POIN TeutpniiBuoT (q)

(20°0) 100 (20°0) 100 L(200) 00 (200500 1 (20°0) 200 @00 200 (T 20 L (IT0)620 as.Ld aIuoiyd
(200) 100 (z00) 100 (200) 100 (z00) 000 (200) 500 (200) 500 (TT0) LT0 (IT'0) 9T°0 ds.Ld ouyewnel]
(1) (D)) (1) (D)) (D)) (1) (1) (D) ewnes) oN
snjels as.Ld/ewnel]
g2 19PON 2T [3PON g2 19PON 2T [BPON g2 19PN 2T [BPON g2 18PON 2T I9PON
|19POIA [BUOII8S-SS01D) (B)
T-INVOA T-INVOI 11Y4NL dyo

"(¥2G=/V) S8IN23J0W UOISaYpe [|89
[el]aL10puUa pue siayew Alojewwreiul Buinoipaid s|apow PaxIW Jeaul] 8y} WO} SI0118 pIepuels pue Sa1eLullss JUaIola00 uoissaiBal sneis qS.1 d/ewnel |

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2018 December 15.



Page 17

Sumner et al.

10>d
KK
'50">d
x

‘o1>d
.

*T MeJp 80UIS SIeak ul awi]

1Y
Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2018 December 15.



Page 18

Sumner et al.

"asn Adelayy

auouwiIoy pue ‘snyels fesnedousiu ‘asn UOIEIIPAW BULIBMO|-]0J31SBI0YD ‘SN UOIeIpaLL A10JeLILLRIJUI-IIUE '8SN UOITRDIPaW dAIsUsLIadAY-1ue payepdn-awil pue aoel snjd seyelIeA0d T [9POIAl 10} vﬁw:_u,qn

*T MRIP 92UIS SIeaA Ul awn pue (palaluad ueaw-puelb) T melp e abe 1oy c&ms._u/\w

“T-s|ndajow
UoISaype |]30 JBJNOSBA=T-INWVIA "T-8|N03j0W L0ISaype Jejnj|30Ialul=T-\NVD| ‘|1-i01daoal eydje-10108) SIS0123U JowN=|144N.L "UIa10id aA10eaI-D=d¥yD "19pJosIp ssaus dlewnemsod=Aas.1 d Saion

(Z¥29'9189) T929  (6'T89 ‘'9°0¥9) 6099 (9222 '1'8¢2) 8'vSZ (8152 'Se€ve) 9052  (8'069¢ '0°'T0€Z) 2'88¥z  (L'¥SSe ‘0°26€e) 02Lve  (022'S0T)2SsT (L9T'2eT)er'T as.dawoiyd
(8'229'16/8) Tve9 (1289 °20¥9) TT99 (1292 ‘T622) v'Sve (T'Lve ‘e€ge) Tove (£2€92 ‘0°0522) 0'9evz  (v'€0SC ‘0vvee) v'zeve (002 '¥6°0) LET  (9V'T'20'T) ST  ASLd Oufewnel)

(9299°2°028) 0679 (5229'97€9) 8'1S9 (2’192 '6°222) O'vve  (6'Gve ‘2'eee) 6'862 (18672 '0°€€T) #'80€2  (0°2L€¢ ‘2°022¢2) 0°'G62Z (89T ‘08°0) 9T T  (¥2'T'16°0) 90°T ewines) oN
sniels Qs.Ld/ewnes)
g2 13PN el 19PON q2 13PON el 19PON g2 13PN el I8PON g I13PON el 18PON
Jw/bu 'T-INVOA Jw/bu ‘T-NVOI w/Bd ‘IId4NL /6w 4y

“(¥2G=/V) S|9poW paxiw Jeaul] 199)J8 Ulew QS.1 d/ewnel) [BUOIDaS-SSOID U} Uo paseq pare|najed ‘dnotb sl d/ewnes yoes
10J 8]BOS MRJ BY) Ul S3|NJ3JOW UOISBYPE 199 [RI|3L10pUS pu. SiaxJew AIoJewwLe iUl 8y) JO S|eAIBIUI 8OUBPIJUOD 0466 PUE SURaW J1118W0al sasenbs-1sea]

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2018 December 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Sumner et al.

Table 5

Page 19

Trauma/PTSD status regression coefficient estimates and standard errors from linear mixed models predicting
inflammatory markers and endothelial cell adhesion molecules after including BMI and behavioral factors

(/=521).
CRP TNFRII ICAM-1 VCAM-1

Fixed Effects
Intercept 0.06 (0.09) 7.75(0.02) 546 (0.02) " 6.49(0.02) "
Time 0.009 (0.004)**  0.009 (0.001) ***  0.004 (0.001) ***  0.005 (0.001) **
Age at draw 1 0.039 (0.008) ™ 0.010 (0.002) ™ 0.007 (0.002) " 0.001 (0.002)
Trauma/PTSD

No trauma (ref)

Trauma/no PTSD 0.12 (0.09) 0.04 (0.02)* -0.01 (0.02) 0.00 (0.02)

Chronic PTSD 0.14 (0.09) 0.04 (0.02)* 0.03 (0.02) 0.01 (0.02)
Trauma/PTSD x Time

No trauma x Time (ref)

Trauma/no PTSD x Time ~ --- 0.002 (0.002)

Chronic PTSD x Time 0.001 (0.002)
Cigarette smoking

0 (ref)

1-4/day 048 (0.24) " -0.06 (0.06) 0.00 (0.05) -0.06 (0.05)

5+/day 0.21 (0.16) 0.05 (0.04) 0.25(003)™* 0,07 (0.00)"
Alcoholic drink consumption

0 (ref)

1-3/month 0.00 (0.07) 005 (0.02)** 0.00 (0.01) 0.01 (0.02)

1/week -0.01 (0.10) 006 (0.02)** -0.01 (0.02) -0.01 (0.03)

2-4/week -0.03 (0.09) 2007 (0.02)** -0.03 (0.02) -0.03 (0.03)

5+/week 0.02 (0.10) ~0.12 (0.02)** -0.03 (0.02) 007 (0.03)*
Physical activity

<1/week (ref)

1/week 0.09 (0.09) -0.02 (0.02) 0.02 (0.02) -0.03 (0.02)

2-3/week -0.03 (0.07) -0.02 (0.02) 0.00 (0.01) -0.01 (0.02)

4+/week 0.00 (0.08) -0.02 (0.02) 0.00 (0.02) -0.03 (0.02)
BMI 0.120 (0.006) ™ 0.012 (0.001) ™ 0.008 (0.001) ***  -0.010 (0.002) ***
AHEI score -0.006 (0.004)  0.000 (0.001) -0.001(0.001)  -0.001 (0.001)

Alcoholic drink consumption x Time

0 x Time (ref)
1-3/month x Time
1/week x Time
2-4/week x Time

5+/week x Time

-0.005 (0.002) *
-0.001 (0.003)
-0.001 (0.002)

-0.006 (0.002) *
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CRP TNFRII ICAM-1 VCAM-1
BMI x Time 0.001 (0.0001)
Error Variance
Level-1 0.395 (0.026) ™ 0.019 (0.002) ™ 0.013 (0.001) ™  0.012 (0.002) ***
Intercept 0.499 (0.047) ™ 0.028 (0.003) ™" 0.024 (0.002) **  0.036 (0.003) ***
Time 0.00003 (0.00002)* - 0.00004 (0.00002) *

Notes. PTSD=posttraumatic stress disorder. BMI=body mass index. CRP=C-reactive protein. TNFRII=tumor necrosis factor-alpha receptor-II.
ICAM-1=intercellular adhesion molecule-1. VCAM-1=vascular cell adhesion molecule-1. AHEI=Alternate Healthy Eating Index. Biomarkers were
log-transformed. Time=years since draw 1. Age at draw 1, BMI, and AHEI score were grand-mean centered. Behavioral factors were time-updated

to reflect values at draws 1 and 2.
+
p<.10,
*
p<.05,
*Kk
p<.01,

Aok

p<.0001
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